




















































   
   












































































































Based on the experiences of efnMOBILE 1.0 the hands-on student workshop activities and 
exhibitions took place in different evironments and locations encouraging new technologies and 
methodologies. Like efnMOBILE 1.0 the new workshop series  efnMOBILE 2.0 provides the 






































































































Globalization in general and the construction industry in particular have brought 
about new demands for buildings and construction projects, new demands that still 
need to take into account local conditions. Moreover, digital technology has effected 
lasting changes to architecture, from planning and production right through to 












































To gain a more detailed knowledge of the requirements for facade education from 
the spectrum of professionals involved in facade design, a worldwide online 
facade survey has been executed within the facade and building construction 




























































































































 – Design: visual design/appearance, corporate design/public impact, high quality and branded 
products
 – Technology: innovative/new materials, sun control, wheather resistance/durability, commissioning/
maintenance










































































































































































































amount  of  data  records:  209







































amount  of  data  records:  201
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20  or  more  years
19,3%
amount  of  data  records:  212





























Canada 3% UK 2% Australia 1%
Colombia 1%
amount  of  data  records:  103
Q9:  WHAT  IS  YOUR  ASSESMENT  OF  THE  NEED    
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2:  SPECIALIZED  TRAINING  OR  COURSES  FOR  STAFF  IN    













2,4% Not Important 1,0%
amount  of  data  records:  208
Q10:  HOW  IMPORTANT  ARE  THE  FOLLOWING  ASPECTS    
OF  A  GRADUATE  PROGRAM  IN  FAÇADE  DESIGN    
AND  TECHNOLOGY?  
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Q12:  THINKING  ABOUT  YOUR  FIRM’S  PERSONNEL  NEEDS;;    
PLEASE  ESTIMATE  THE  NUMBER  OF  FAÇADE    
PROJECT  STAFF  YOUR  FIRM  EXPECTS  TO  HIRE  WITH    
THE  FOLLOWING  DEGREES  IN  THE  NEXT  YEAR:  
1.   GRADUATE  DEGREE  IN  FAÇADE  DESIGN  
AND  TECHNOLOGY  (M.S  ARCHITECTURE,  FDT)  
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Q14:  FAÇADE  DESIGN  AND  TECHNOLOGY:  
THE  FOLLOWING  ASPECTS  FAÇADE  DESIGN    
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Q15:  HOW  OFTEN  DO  YOU  RELY  ON  THE    
FOLLOWING  PEOPLE  FOR  GETTING  INFORMATION    
FOR  FAÇADE  DESIGN  AND  SPECIFICATION?  
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Q17:  HOW  DO  YOU  CONSIDER  THE  IMPACT  OF    
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Q18:  HOW  IMPORTANT  IS  THE  KNOWLEDGE  IN  THE    
FOLLOWING  AREAS  FOR  FAÇADE  PERFORMANCE?  
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Q18:  HOW  IMPORTANT  IS  THE  KNOWLEDGE  IN  THE    
FOLLOWING  AREAS  FOR  FAÇADE  PERFORMANCE?  
6.   INTERNATIONAL  STANDARDS,    
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Q19:  FAÇADE  CONSTRUCTION:  
HOW  IMPORTANT  ARE  THE  FOLLOWING  WORKING    
METHODS  IN  YOUR  DAILY  WORK?  
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Q19:  FAÇADE  CONSTRUCTION:  
HOW  IMPORTANT  ARE  THE  FOLLOWING  WORKING    
METHODS  IN  YOUR  DAILY  WORK?  
7.   BILATERAL  COMMUNICATION    
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Q20:  HOW  IMPORTANT  ARE  THE  FOLLOWING  AREAS  
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Q21:  EDUCATION  AND  TRAINING:  
WHAT  KIND  OF  ACTION  IS  NEEDED  REGARDING  
THE  EDUCATION  OF  ARCHITECTS  AND  ENGINEERS?  
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Q22:  WHAT  KIND  OF  ACTION  IS  NEEDED  
REGARDING  THE  EDUCATION  OF  
CONSTRUCTION  WORKERS  AND  INSTALLERS?  
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The nine existing international European masters programs teach theoretical and 
practice-oriented skills of digital analysis-, design-, planning- and production 
methods and detailed overview of the latest technological developments in 
facades. They are either linked to architectural or to civil engineering programs and 
faculties and differ largerly in format, duration, degree and language. The majority 
ost of them prepares for international projects in international markets. Therefore, 
































































































































































































































































Course Ref L LP PL F S T AT Total ECTS
 Introduction to Façade Technology I 6 6 3 15 0,5
 Structural Behavior of Facades CE 24 52 76 3
 Thermal Performance of Façades CTF 42 42 84 3
 Weather Performance and Ventilation DAM 40 3 42 85 3
 Façade Materials and Technologies MTF 22 3 52 77 3
 Seminars SVC 8 15 28 51 3
 Façade Procurement and Quality Management GC 18 24 42 1,5
 Scientific work AC 7 8 70 85 3

























































































Unit 03 / FAÇADE OPERATIONS (basic)












Unit 05 / FAÇADE OPERATIONS (advanced)




























































While other industry sectors are largely digitalised and automised, in the 
building sector a lack of understanding about technology, fabrication, design 
integration and the “physical making of things” within the academic education 
of both architects and engineers can be identified. This also applies to the 
professional area of contracting and manufacturing companies to a certain exten. 
The consequence is a misunderstanding and/or a limited exploitation of the 
potentials of the building envelope for more sustainable results in the design, 
fabrication, assembling and maintenance process. Experience in research and 
education shows that this can be improved and maybe finally solved by “making of 



























































































































































































Fabrication: From Standard to Non-Standard 
“[…] Digital fabrication implies that making drawings and making buildings are now inseparable 







Bernard Cache argues in his book ‘Earth moves: the furnishing territory’ as follows: “We no longer 
apply a pre-set form on inert matter, but lay out the parameters of a surface of variable curvature. 
A milling machine that is commanded numerically does not regulate itself according to the build 
of the machine; it rather describes the variable curvature of a surface of possibility. The image-
machine organization is reversed: the design of the object is no longer subordinated to mechanical 










































































































































































































































































“We don’t stop playing because we grow old; 














































































































































Hereby the biggest challenges lie in reliability, collaboration and decision making.. It is 
essential to generate a certain level of trust on every team member’s ability to adapt, improve 
















































“After an intense few months, Desert Eyes stood in the center of Burning Man’s Playa grounds 
resisting flash dust storms and even small amounts of rain whilst providing the Burning Man 
community with a space of refuge from the harsh elements. The project’s success is the result of 
















“My best experience at Burning Man was the way that no matter what problem we encountered, 
there was always a solution. The Burning Man community is full of skilled and equipped individuals 











“Burning Man is no longer a counterculture revolution.  








































































(Smart) textile structures and façades have a long tradition in architecture due to 
their lightweight properties, geometrical flexibility and resource efficiency. With 
new developments by combination of different materials within textiles various 
requirements in the façade can be addressed more decentralized and individually 




























































































































































































































































































































































































The idea of integrating users into the design, production and operation process 
has been discussed for several reasons. In mass mass customisation, it can be a 
“promising strategy for companies … to react to the growing individualisation of 
demand” (Franke and Piller, 2003). In architecture user interaction is mainly seen 
and analysed as user behaviour whose weight “on the energy balance of a building 
increases” (Hoes et. al., 2009). Next to those approaches there is the need to take 
into account the subjective dimension of user comfort and of user acceptance 



































Higher education institutions (HEI) are challenged to deal with the complexities and 
the potentials posed by a diverse student body (Rodriguez-Falcon, 2015). Similarly 
to other international programs, the presented façade programs and their related 
workshops aim to profit from this cultural and experiential diversity within their 
student bodies. Despite all technological innovations, architecture and design are 
inextricably linked to social and cultural conditions and traditions. 



























































































































































































































Commonly, architects and façade designers are present during design and 
construction stages of the façade development process, without mayor 
involvement during the operation phase.  Hence, they usually miss the chance 
to evaluate how their designs perform in reality, preventing the use of valuable 




































































































































































































































Coming form an academic background, we always approach future research via 
technical development, improvement of performances and innovation. But reading 
the word innovation correctly, it means a new technology being available in the 
market and being bought! Understanding this, we approach industry and try to 
convince them, that certain developments, we made, would help them, would 
fit to their product portfolio or improve things. And in the same way industry 
comes to us – asking us either to develop something, they need or ask us to 







































































































































































Conferences and symposia are the traditional way of presenting new content 
and findings to the professional practice and to the wider public. They allow for a 
better overview within the variety of academic publications and mirror the relevant 
investigations, topic and trends. But they are also important networking events to 































































































































































































Session 2 – Digital Environments 
This second session targets new digital developments and tools for the design, testing and monitoring of facades. It explores 
new concepts control, self-organisation, IT and the internet of things.



































































  3.2  On ICBEST. 
Istanbul Student Design Competition 
Ecem EDIS, Caner GOCER, ITÜ, Istanbul
‘Ten Facades for the Future’, a design competition open worldwide to the 
undergraduate and masters students of all building-related fields, was organised 
as a part of ICBEST Istanbul 2017 that took place at Istanbul Technical University. 
The competition was completed with the award ceremony session which took 
place on May 16th, 2017 as a part of the conference, and five proposals qualified to 










































international specialist jury members; Ana-Maria Dabija – Ion Mincu University University of 
Architecture and Urbanism, Cem Topkaya – Middle East Technical University, Inês Flores-
Colen – Universidade de Lisboa Instituto Superior Técnico, Jorge de Brito – Universidade de 
Lisboa Instituto Superior Técnico, Nuri Serteser – Istanbul Technical University, Sabarinah 



















proposal. Their intention is stated as “to take this simple yet great idea, a brick, into little more interdisciplinary arena of 
construction for future facades, [and] with integrated architecture approach, ... giv[ing] a new identity to a mid-rise 
building in terms of skyline appearance, and indoor comfort”.
Brickxell skin is said to be derived from pixel skin, and the bricks are defined to be rotating at various angles by the help of rod 
passing in between. The architecture is expressed to be “constantly alive, from both inside and outside creating dynamic 




chose customised steel box sections for Ahmedabad, as explained by the entrants “to blend architecture and engineering 
aspects, and to achieve better functional design”. As noted additionally; “As per Indian National Building Code (NBC) 
part-4, material used for façade shall be non-combustible, and Brickxel façade system components are either non-
combustible or with high-melting temperature.”
The dynamic façade is explained to be totally depending on a small motor at top (within frame) and bearing + gear mechanism 
for bricks installed on vertical steel rods, and the rotation of each facade told to be controlled and done according to the 
users’ requirements. It is described to function as an openable second skin of a double skin façade ideology, where, as told, 
“firstly, it allows user to rotate Brickxels at desired angle and get a more daylight inside space. One module/panel 
covers almost 63% and 15% area with Brickxels when it is close and open position, respectively. Secondly, change in 
opening or closing position help to get more of diffuse sunlight, which helps to achieve desired daylight per user’s 



































is also stated as an additional aspect to be considered in achieving project goals, which, as told by the entrant, “can have a decisive impact on 
the solar heat gain and therefore to the user comfort, especially in a high-rise building that is completely exploited to direct sunlight”, 
and the facade concept is explained to be developed “to tackle both challanges of different functions and seasonal change, while making 





highlighted that “due to the colossal size of the building and the large amount of façade area, the unitized façade system was chosen, 
… not only [to] drastically reduce the on-site fixing time but also the manufacturing cost, since the large batch size would reduce the 






sunlight is entering from the side. As stated additionally, “regardless of the orientation, sun protective coating is applied on all sides to limit 
the heat entrance in hot days through diffuse light, along with a low e-coating to keep the heat inside in winter”.
Concerning water and airtightness of the façade, it is stated that “at the directions where the windows are exposed to a high wind 
pressure, which is mainly the south-west face, a baffle panel is placed in front of the airtight barrier to avoid too high pressures, 
Placing these panels also prove to be convenient, since the south face of the building is the one that is mostly exposed to 
direct sunlight. Therefore, the baffle panels also act as a wind protection for the external operable sun shading devices”. It is 
also highlighted that “as fixed baffle panels create a cavity between two glazings with some space in-between, they can pose a 
challenge for cleaning....[but] the facades provided with a baffle panel can be equipped with an openable window. This makes it 





























by the entrants, by expressing that “office buildings commonly use large surfaces of glass on their façades in order to 
reflect a luxurious appearance while maximizing the natural light penetration to the interior space”, and they quoted 
that “though glass façades provide plentiful natural lighting, the amount of energy needed to maintain indoor thermal 
comfort in hot and cold climates poses a great challenge to office building designers”. 
The project’s aim is explained to be “studying the climatic and environmental conditions along with the vernacular 
and cultural architecture of a hot, dry region, which showed that in extremely hot climates, natural ventilation is not 
preferable, and using a hybrid double façade system allows sun protection, reduces cooling loads and also will be 




from inside to outside and also to provide shading. The inner layer of the system, as explained by the entrants, “consists of a 
double glazed curtain wall façade, which is supported by aluminium structural frames fixed by brackets at the edge of 
each concrete slab floor, where the loads are transferred to the slab, … and the exterior layer of concrete protects the 







































‘Sails in the Ocean’, the façade for Melbourne, as explained by the entrants, “is inspired by sails which can be commonly seen 
in the waters near the city. Melbourne being a port city can be directly related to the sails and using the same story the 
façade idea has been developed”. The west façade, which was chosen for the design, is told to need vertical louvers because 
of the angle of sun remains low for most time of the day. To this end, it is stated that “a single element of façade is constructed 
in such a way that it folds up to form vertical louvers when the façade is open and when the façade is closed then these 














different floors. As explained by the entrants, “when the light is too bright then the panels open and during the evening close 
so as to let the light inside the building. Since many systems of the façade are computer operated the movement will be 



































The ‘Flexible Façade’ system, as explained by the entrants, “is envisioned with a view of meeting the variable demands of 
the future buildings, [where] the system is designed around a hypothetical ‘House of Parliament’ building in the city 
of Den Haag, Netherlands… compris[ing] of different programs namely: offices, residential apartments, a hotel and 
space for re-housing the parliament of Netherlands, [and] the different programs mean different requirements, which 
in terms of the façade mean diverse needs of ventilation, natural light, functionality (insulation, type of glass etc.) and 
add-ons (blinds, windows, balconies)”. The goal set in relation is told as “to have a singular façade system that not only 






































Based on the experience of “Smart Textile Workshop for Building Skin” organized 
in May 2017 by efn (European Facade Network) with an aim to investigate textile 
application for building envelope system, it is observed that traditional value 
of handmaking is significant to inform creative cognition and especially from 
“learning-by-doing” (Ozkar 2007) and “creating-by-making” perspectives. In the 
age of digital coding, design professionals are keened to code with parametric 
tools straight away for the iterative design exploration. Without physical 
engagement, individual approach to the problem of materials, processes and 
products is lost. Implicit/ tacit knowledge, as constructed through hands-on 
experience (Lehmann 2012), is hard to codify and largely unseen in the creative 
process which is vital for research as well as for other material- or process-
designated disciplines. There is a need to re-visit the value and to incorporate 
handmaking exercise and performance to promote the awareness of tacit 
knowledge within the pedagogical and research framework. This paper presents 
a framework to integrate the implicit knowledge component, through handmaking 
performance, into Knowledge-Based Engineering (KBE) process for smart textile 
and other material related research in a building envelope context. The aim of 
the framework, as well as of the efnMOBILE-workshops, is to bring two different 
knowledge domains together to the research process, both explicit and implicit, in 
a contemporary digital coding environment. Ideas have also been borrowed from 
the Bauhaus original conception with which hand experimentation is at the centre 


























weaving practice with which  its  education  is  emphasised on material-focused understanding and 
hands-on experience. Gaining experiential knowledge through handmaking forms an integral part of 
the school’s conception.













to  explicit  knowledge.  Section  9  reviews  the  current  research  directions  for  Knowledge-Based 
Engineering and computational design with material and traditional crafts focus. Section 10 proposes 
a research framework with integration of tacit knowledge component in the KBE process. Capturing 
and  representation  of  individual  tacit  knowledge  is  explained  and  delineated. The  extracted  tacit 




The concept of explicit, implicit and tacit knowledge 
Explicit  knowledge:  this  type  of  knowledge  is  articulated  knowledge,  expressed  and  recorded  as 
words, numbers, codes, mathematical and scientific formulae, and musical notations. It is also the 
process  of  calling  up  information  (patterns)  and  processes  (patterns  in  time)  from memory  that 
can  be  described  accurately  in  words  and/or  visuals  (representations)  such  that  another  person 
can comprehend the knowledge that is expressed through this exchange of information (Anderson 






implicit knowledge corresponds  roughly  to Polanyi  (1967) calls  “Tacit Knowledge”:  “We can know 
more than we can tell”. Generally it is considered to be the embedded knowledge in-between explicit 
and tacit Knowledge. 
Tacit  knowledge:  the  term was first  coined by Polanyi, and popularised by Nonaka and Takeuchi 
(1995). It means “extraordinary knowledge possessed by humans that cannot be expressed in explicit 
and formal ways”. Tacit knowledge is a growing research domain and has been studied by different 
fields,  including but  not  limited  to  philosophy,  psychology,  sociology,  cognitive  science,  business, 
education and artificial intelligence. Different fields have focused on different dimensions. This has 
resulted  in  numerous  classifications  and  distinctions  based  on  philosophy  and  research  interest. 








for smart  textile application. This also explains why  tacit knowledge has attracted many  research 
attentions by engineering design/ manufacturing discipline recently due to the potential application 
for Knowledge-Based Engineering (KBE).  






Embedded tacit knowledge in traditional handcraft makers 
In  traditional  textile  and  handcraft making  cultures,  knowledge derived  through engagement with 
materials  and  processes.  These  hands-on  experiential  knowledge,  according  to  Niedderer  & 
Townsend (2014), is impossible to articulate and largely remains tacit - embodied in the handmaker. 
A  Cognitive  Scientist  with  research  interest  on  creativity  and  material  engagement,  Malafouris 
(2005) states that “Verbal description, however detailed, can hardly capture the phenomenological 
perturbation of  real activity”. Architect and computational designer Noel  (2016) points out  that  the 
workflow has  little  separation between design and  fabrication. The handmakers usually have  the 
embedded knowledge to materialise their ideas without externalisation via 2D presentations. 
Cultural  crafts  such  as  wire-bending  decorative  structures  in  Republic  of  Trinidad  and  Tobago, 
ringal-weaving artefacts  in India, coiled baskets  in Uganda, rush-weaving artefacts  in Taiwan,  just 
to name a few, are handmaking artefacts enriched with culturally significant tacit knowledge. Due to 
globalisation,  technology advancement, however,  these  traditional craft cultures are declining and 
potentially disappearing. This tacit knowledge, if made explicit, will be a good source of references 
to  be  reinterpreted  for material-designated  research and product  innovation. As Lehmann  (2012) 
asserts that “analysis of existing techne (craftsmanship/making) can lead to the creation of episteme 
(knowing/knowledge)”. 










&  Burnett  (2009)  describe  that  handmaking  performance  is  a  dynamic  process  of  learning  and 
understanding through material experience. Handmaking process from Nimkulrat’s (2010) view point 
is not only as a way of attaining tacit knowledge through physical engagement, but also as a way 





















Creative and design processes: handmaking vs. coding









carriers  of memory  through a  variety  of  sensory  properties:  sight,  smell,  sound as well  as  touch 
(Treadaway 2009). Each sensory prompt enables  imagination building  through physical proximity 
or bodily contact. The physical manipulation of materials is a crucial act to inform creative cognition 
and  feeds  the  imagination. This  theory also corresponds  to  the conception of  “material  thinking”. 














Substantiated  by  research  findings,  Treadaway  reveals  the  importance  of  time  for  reflection  in 
order  to develope new  ideas.   She describes  the physical bodily experience and  the  time related 
factors involved in making by hand are essential within the creative process. It is the slow process 
of handmaking an artefact  that  facilitates  imagination space  (Treadaway 2009). Harris points out 





















Disembodiment with material in the creative process
Our  sensory  experience  has  linked  to  material  world.  If  the maker  is  isolated  from  the material 













For  coding as design medium, on  the contrary,  the material  artefact  is  the outcome of  the direct 













Can tacit knowledge be codified to explicit knowledge?
There are debates among scholars on “whether tacit knowledge can be made explicit or codified”. The 
theoretical foundation of coding tacit knowledge is still not well formulated due to the various research 
focuses and disciplines. So can we codify  tacit  knowledge  to explicit  knowledge? Rowley  (2007) 
points out that what people try to present as explicit knowledge is actually  information rather than 
any sort of human knowledge. There is no such thing as “explicit knowledge” but one should rather 
say  “explicit  information”.  In  line with  the same argument, Laine  (2017), a  researcher on Human-







aspects,  they are namely:  implicitness, non-measurability, context  (social & cultural), experiential, 
interactiveness,  show-how,  and  personal.  The  four  latter  are  more  relevant  to  the  material  and 
process-designated research context and can potentially be codified to become reusable information 
for design iteration and to provide design-decision support. 






















Current research directions for knowledge-based 
engineering and material-based computational design
Knowledge-based  system  helps  to  support  design  and  automate  knowledge-intensive  design 
processes from different and multidisciplinary sources. This approach also refers to as Knowledge-
Based Engineering  (KBE).  It  proves  to  be  successful  in  aerospace,  automobile  and  shipbuilding 
industries  (La Rocca  2012).  It  also  supports  new product  introduction,  development  and  product 
lifecycle management (Park 2017). 
Utilising KBE strategy  in building envelop design and development has yet  to be  the mainstream 
routine  (Montail  et  al  2017).  There  has  been  relatively  limited  literature  available  for  reference. 
Although  there  is  documented  literature  in  the  area  as  early  as  in  the  late  80’s  by  Fazio  (et  al 
1989), the main focus of the implementation covers performance only. Subsequently the research 
community has employed and developed techniques to focus on energy efficiency and case-based 
reasoning (Iliescu 2000). Recent directions  in  this research area are to  integrate BIM as a tool  to 
facilitate  decision making  and  collaboration  based  on  the  shared  database  system. The work  of 
Fazio et al. (2007) uses International Foundation Class (IFC) schema to store and transfer design 
information in a system with a database of benchmark to indicate the building envelope performance. 











to make-to-order  types of product  in which  the design  team can explore different options against 
the manufacturers’  capabilities.  Both Voss & Overend  and Montali  et  al  highlight  the  importance 









expand  the concept of  traditional weaving principles and knitted structures with digital  tools. With 
reference  from  the  classification  system  for  textiles  (Emery  1966),  Felecia  Davis  from  MIT  has 
translated  3  traditional  textile  structures  to  digital  code  and  generated  3D  printed  artefact  as  a 
way to understand a context for structuring textile code for explicit modeling application. In one of 
the publications,  a methodology has been presented  to work with modularised  code  through  the 
process of writing algorithms, and validating through several 3D textile prints. This method allows 
design  professionals  to  consider  the  relationships  between  geometry,  behaviour  and material  in 












in  a  culturally-relevant manner. The  above  studies  only  cover  certain  aspects  of  tacit  knowledge 
codifications  for  design  innovation.  For  example,  Muslimin’s  works  is  essentially  combined  the 




of  that particular handmaker.  If  these  tacit components be extracted and  then codified,  it has  the 
potential to be used to develop highly individualised artefact or product. 
A framework to integrate tacit knowledge for material and 
process-designated research and product development
This framework for the pedagogic research is built upon tacit and explicit knowledge domains with 

































Representation of tacit knowledge 
To utilise  tacit  knowledge,  it  has  to  be  first  outputted  to  a  formal  structure  and  then  represented 
in  digital  compatible  format.  The  nature  and  aspect  of  the  tacit  knowledge  will  determine  the 
representation  methods  and  subsequently  the  CODE. According  to  a  number  of  scholars,  tacit 
knowledge representations are divided into 3 types (Hao et al 2017) as below:
Symbol-based  representation:  for  tacit  knowledge  in  relation  to  domain  knowledge,  the  symbols 
which  include  Ontology  and  Knowledge  Map  (Hao  et  al  2014)  have  its  own  way  of  interlinked 


























Conclusions and outlook 
This paper has re-visited and recognised the importance of hands-on experience and its associated 
tacit  knowledge  in  relation  to  pedagogic  research. Physical  engagement  of materials  is  consider 
to be the prerequisites. It has highlighted the possible gap in the current research communities for 





































































































































































































































Professor Doerfler  has  building  envelope  systems  expertise with  experience  leading multi-disciplinary  collaborative  teams  in 
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